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Abstract 
Wireless communication is currently the most dynamic field with the invention of new technologies. Presently 
one of the main challenges in the wireless communication field is to combat fading. At the receiver, the signal 
may be lost completely due to destructive addition of multi paths signal components. Generally effect of 
fading is analyzed   with channel compensation using different diversity combining schemes such as selection 
diversity, equal gain combining and maximal ratio combining techniques. Selection diversity is one of the 
preferred schemes due to its simplest implementation process. However, often channel estimation may not be 
perfect because of changing nature and other factors like correlation between the signals etc. The main aim of 
this paper is to observe the effect of imperfect channel estimation on the performance of the receiver. Analysis 
has been done for channel estimation along with selection diversity combining. Also, receiver may not be 
synchronized always with transmitter giving some phase errors.  Such error is also incorporated along with 
selection diversity for performance evaluation of the system.   
 
________________________________________________________________________________ 
1. Introduction 
In wireless channels, the signal generally comes at the receiver from more than one path due to the 
reflections from obstacles and scattering. Various signals components suffer attenuation and 
random amount of delay, causing a phase shift between different components of signal.  
_____________________________ 
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These components may be added destructively at the receiver, causing total loss of the 
desired signal. This phenomenon is called “multipath fading”. Also, each component gets corrupted 
by white gaussian noise, which remains present in the channel throughout the time. To reduce the 
effect of multipath fading, several diversities are used. Selection diversity is the simplest way to 
deal with fading. 
If L multi paths are considered, then in selection diversity, decision device simply give the 
output as the signal with   maximum path gain, rest of paths are barred.  With equal gain combining, 
all multipath signals are added and final result is used to find out the message bit whereas in 
Maximal ratio combining, receiver weighs each path with its corresponding path gain and then sum 
up these weighted terms which is used in the decision-making.  
2. System Model 
The block representation of DS-CDMA system involving K number of users is shown in [1, 2]. 
Total received signal can be represented as  
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where 
klτ  and klϕ  are net time and net  phase  delays respectively for k th user & l no. of paths, n(t) 
is the white additive AWGN, introduced by the channel. ak and bk are the message & spreading 
sequences respectively. 
3. Receiver Model 
At receiver side, when signal is received after the demodulation of carrier signal, it is essential to 
dispread it from the code bk by multiplying it with same code without any timing error. This means 
that there will be full synchronization with the transmitter but practically it is very hard to achieve it. 
If  a1(t)  (k=1)  is the received bit from 1st user, then input to the decision device from desired j th 
path is [3,4 ] 
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where 
j1ˆτ  and j1ˆφ are timing & phase errors due to synchronization , T is the time period of message 
signal. 
jD1
is desired signal plus self interference , 
jI1
is inter symbol interference , 
jM1
is multipath 
delay interference and 
jN1 is gaussian noise term. 
  
Now, all the four term in (1) can be written explicitly as  
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System with synchronization errors will not be able to estimate the time and phase delays 
corresponding to the individual paths in the rake receiver correctly. Without any loss of generality, 
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here it is assumed that 
klτ is zero. Under this circumstances, desired data term D1j can be calculated 
as  
( ) ( ) ( ) ( )
( ) ( ) ( )dttbtbajP
dttbtbaPD
T
jj
jjjjj
j
j
...!cos.2
...coscos.2
110,1111
1
0
11,1111111
1
1
∫
∫
−+
−= −
τ
τ
φφβ
φφφβ  
where 
1,1 −a and 0,1a are the message bit symbol in time 0 to j1τ   and j1τ  to T respectively. Further 
calculation leads desired data as  
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where T = G.Tc. G is the processing gain & Tc is the chip timing . Similarly inter symbol 
interference terms can be written as 
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which is further simplified as  
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Here, 
lt1Δ = l1τ mod Tc. liα  and liα  are iid random variables that take on values {± 1} randomly. Term 
multi path delay interference can be calculated as  
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Finally, the AWGN term, N1j is a Gaussian variable with zero mean and N0T is variance. 
4. Bit Error Rate Analysis 
Supposing a1,0 =1 and a1,-1= 0, decision device produces the symbol 1 if the decision variable Z>0 
and the symbol 0 if Z<0.An error occurs if Z<0 when a1,0=1 or if Z>0 when a1,0 =0.Since a1,0 is 
assumed to take on values{±1}with equal probability, probability of error is simply equal to the 
probability of having Z>0 when a1,0=0 i.e and can be expressed as [5,6,7] ( ) ( )0a|0 1,0 =>= ZPEP  
Once, all Z1j`s are obtained, diversity combining is performed in the receiver and the decision 
variable Z is formed.  
5. Selection Diversity 
When selection diversity is employed, the receiver simply selects the path having highest 
path gain βij and uses this information to estimate the transmitted signal a1(t) and undesired multi 
paths are barred in  decision making. In other words, the desired decision variable Z is equal to [8, 
9] 
Z=Z1j(β1j max)
If  ( )
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ωφ  are the characteristic functions of I1j and M1j respectively, then error 
probability in this diversity scheme can be calculated  as 
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6. Results And Discussions 
System is simulated in terms of probability of error vs. SNR for different phase errors between 
transmitter and receiver as shown in Fig(1). It is observed that with increasing SNR, desired signal 
strength also increases hence improving system performance. Four different phase errors with 
perfect synchronization are considered here. It is observed that probability of error increases with 
increase in phase errors, since it will be more difficult to detect desired data when un-
synchronization between transmitter and receiver is increased. Again system is simulated for Pe and 
different number of users. From Fig (2), it can be seen that with increasing number of users, system 
performance degrades because with more number of users, it will be difficult to get the desired 
signal, which in turn degrades the system performance. From both of the plots, it can be also 
analyzed that with perfect synchronization, error probability became least which is natural 
phenomenon. 
 
Figure (1): Pe vs. SNR for different Phase errors. 
 
Figure (2): Pe vs. No. of users for different 
Phase  errors. 
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